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It is currently fashionable to belittle manual ventilation because it does not permit accurate control over the respiratory parameters. For example, in 1962 Griffiths stated: 'The theory of the superiority of the educated hand . . . is nonsense '; and in 1963 Mushin wrote: 'However, with the present interest in more exact measurement of the respiratory parameters, the "educated hand" is exposed as an illusion.' Nevertheless, our evidence would suggest that, in this instance, the results of manual ventilation compare favourably with those achieved by mechanical ventilation. Whether this indicates an inherent limitation of the ventilators used or that the ventilators were less than adequately used is a matter for further investigation.
An Investigation into Shivering Following Aniesthesia: Prelimiary Report by Merton Cohen MB FFA RCS (Department ofAnasthesia, University ofLiverpool) Shivering during recovery from anesthesia has been frequently mentioned in the literatureparticularly since the introduction of halothane. Two hundred and twenty subjects have been personally observed during anesthesia and recovery, and the incidence of shivering and certain other phenomena were recorded and related to anesthetic technique and environmental factors. In all cases the lower cesophageal temperature has been monitored throughout and, in some, skin temperatures have been simultaneously monitored; temperatures were measured with thermocouples and an automatic multichannel writing recorder.
A few patients have been surrounded by plastic mattresses through which warm water was perfused in an attempt to prevent heat loss to the environment.
Patients were undergoing major dental surgery or general, orthopedic or gynecological operations not involving opening of the thorax or wide exposure of intraperitoneal viscera.
It is stressed that this is a preliminary report based on small numbers. At this stage the various groups of subjects are not considered strictly comparable and for this reason no statistical analysis has been attempted. However, certain trends are discernible in the results to date. Groups of patients receiving halothane, whether under normal operating theatre conditions (135 subjects), or warmed as previously described (38 subjects), exhibited either fine or coarse shivering during recovery in just under 50% of cases in both groups.
Much smaller groups of patients subjected to a variety of techniques excluding halothane exhibited a shivering incidence of only about 10%, but 5 subjects in 11 shivered during recovery when halothane was used as an adjuvant in an anmsthetic technique of controlled ventilation with nitrous oxide and oxygen, muscle relaxation being produced with tubocurarine.
These figures suggest that halothane greatly influences the incidence of shivering and that tubocurarine after reversal with neostigmine does not prevent it.
The incidence of shivering within the halothane group has been related to various other factors, with the results detailed below.
Increased length of exposure appears markedly to increase the incidence of shivering up to about a forty-minute exposure, after which a platea-uappears to be reached. Age: Younger patients have shown a greater incidence of shivering in this series. Children below the age of 15 have so far been excluded from the investigation. Sex: There appears to be a markedly greater incidence in male patients than femalesthough the significance of this impression is called into question by a bias within the series towards shorter anmsthetics for female patients.
The pattern of temperature change during anmsthesia is remarkably constant. Induction is rapidly followed by an acute drop of up to 1°C in lower cesophageal temperature in the first five to fifteen minutes, which gives way to a more gradual drop which persists throughout antsthesia. The presence or absence ofan endotracheal tube did not influence the observed cesophageal temperature changes, provided the thermocouple was placed sufficiently far down the oesophagus.
An early rise in skin temperature of up to 4°C accompanied these cesophageal temperature changes. In prolonged antsthetics this rise may give way to a late fall in skin temperature, the temperature tracing in these circumstances being nearly parallel to the later cesophageal changes.
Patients who had been surrounded by warm water mattresses for at least ten minutes prior to induction did not sustain a fall in aesophageal temperature.
It is suggested that these early temperature changes are due to redistribution of heat between 'core' and peripheral tissues associated with peripheral vasodilatation.
The incidence of shivering during recovery has been related to the lower cesophageal temperature at the moment of discontinuation of anmesthesia and to the difference between the preand postanesthetic temperature. In neither case was a cotrelation apparent. These findings do not offer any support to the hypothesis that shivering following halothane is due to heat loss and temperature drop. In addition to gross shivering, other manifestations of abnormal muscle activity have been observed. Twenty non-shivering patients who received halothane exhibited muscle spasticity or a positive Chvostek sign. These phenomena not infrequently preceded shivering in other patients.
Subdivision of the groups according to premedicant drugs or intravenous anesthetic agents used suggested no obvious relationships to shivering incidence in the consequently small groups.
It is hoped to continue this investigation until numbers allow useful statistical analysis. In view of the suggestion that increased muscle excitability may be unrelated to temperature change, two further investigations into effects of halothane have been institutedone on fusimotor tone and a second on serum calcium and its ionization.
DISCUSSION
Dr E K Brownrigg (Winchester Hospital Group) observed that in his experience tremors occurred only when the concentration of halothane was kept above 1 5 % to the end of the operation. Unlike shivering, the tremors were coarse. The muscles were hypertonic, the tendon reflexes exaggerated and the plantar responses extensor; clonus was readily elicited. He suggested that halothane might cause a transient upper motor neurone lesion.
Dr C Prys-Roberts (University ofLeeds) said that the immediate post-operative period was a physiologically unsteady state and that few investigations had been carried out at that time. He pointed out that shivering during that period was associated with extremely unstable conditions in respect of oxygen consumption, pulmonary gas exchange and the cardiovascular system.
Two patients recently studied had shown features which had since been confirmed by his colleague Dr J Bay. The first patient, who did not shiver in the post-operative period, had a measured cardiac output of 4 I./min and an arterio-venous oxygen content difference of 6-5 vols %, from which a value for oxygen uptake of 260 ml/min was deduced. The second patient had been recovering quietly twenty minutes after the end of nitrous oxide-oxygenrelaxant anesthesia but at forty minutes had been shivering violently. At twenty minutes his cardiac output had been 5 6 l./min, but during the episode of shivering this had risen to 9 4 1./min with an arteriovenous oxygen content difference of 12-6 vols % (mixed venous blood obtained by float catheterization of the right ventricle). The derived oxygen uptake had been 1,185 ml/min, a value which was nearly 500% of his basal consumption. He was hyperventilating, but although he had a Paco2 of 24 mmHg, his Pao2 was only 65 mmHg, a very low figure for a 30-year-old man having a calculated pulmonary venous admixture of only 7%.
Further studies had been carried out in an attempt to correlate the post-operative oxygen uptake with the degree of post-operative arterial hypoxemia and Dr Bay reported that measurements of oxygen uptake had been carried out during the immediate postanesthetic recovery period, using the box-bag spirometer described by Nunn & Pouliot (1962) , together with simultaneous measurements of arterial blood gas tensions. Patients who had not shivered during this period had had values for oxygen consumption which were 100 ± 10% (range) of the predicted basal level. On the other hand, those patients who had shown overt shivering had had markedly elevated levels of oxygen consumption within the range 200-400% predicted basal levels. There was no significant difference between the arterial Po2 values in the non-shivering and the shivering groups.
Dr Prys-Roberts said that further studies were being continued to elucidate the physiological mechanisns during recovery from anmsthesia. Major C K Davies (Cambridge Military Hospital, Aldershot) said he had personally investigated shivering after more than 1,300 halothane anmsthetics but that this work had proved of very little value. There were so many variables to be considered, such as sex, extent of operation, duration of operation, bodybuild, premedication and type of circuit used, that the only way to achieve worth-while results was to do a prospective study in which conditions were carefully standardized and only one factor at a time was varied.
